Abstract 34 35
The United Nations has listed Zero Hunger as one of the 17 global sustainable development goals to 36 end extreme poverty by 2030. Plant viruses are a major constraint to crop production globally causing 37 an estimated $30 billion in damage 1 leaving millions of people food insecure 2 . In Africa, agriculture 38 employs up to 50% of the workforce, yet only contributes 15% to the GDP on average 3 , suggesting that 39 there is low productivity and limited value addition. This can be addressed through continued 40 innovation in the fields of science and technology as suggested in the Science Agenda for Agriculture in 41 Africa (S3A) 4 Chilli leaf curl, and Banana bunchy top have been implicated. In particular, cassava viruses are among 63 the world's greatest risk to food insecurity. Losses caused by cassava mosaic disease (CMD) and 64 cassava brown streak disease are estimated at US $2-3 billion annually 5 . We therefore visited 65 smallholder farmers in Tanzania, Uganda and Kenya (Table 1) who are suffering yield shortages due to 66 cassava virus infections. We utilized the MinION to test infected material and farmers were informed 67 within 48 hours of the specific strain of the virus that was infecting their cassava, and a resistant 68 cassava variety was deployed. The advantages of adopting this technology far outweigh the challenges 69 (see Table 2 ). Cassava mosaic begomoviruses were in high enough concentration that reads of whole 70 genomes were obtained without an enrichment step (Table 1) . As expected the viral reads increased 71 with the severity of the symptoms observed (Table 1) . We detected a dual infection for a leaf sample 72 with the severity score of 5 in Uganda. In addition, one asymptomatic plant in Tanzania had one viral 73 read detected. The shortest time to obtain a viral read was 15 seconds (severity score 5) and the 74 longest was 4h11m15s (severity score 1). 75
Additionally, MinION sequencing is superior to traditional methods of PCR identification given 76 its generation of whole genome sequences which enable the identification of the plant virus strain 77 even if it becomes mutated or divergent, as it is not biased using primers that rely on known virus 78 sequences. With regards to cassava, there are three major advantages of this technology. Firstly, 79 improved diagnostics are required and real-time whole genome sequencing will help develop 80 diagnostic primers that are up-to-date. Secondly, this technology will assist with the development of 81 resistant cassava varieties and will allow breeders to immediately test the varieties they are developing 82 against different viral strains. Lastly, it ensures the delivery of the correct healthy uninfected planting 83 material to farmers. In addition, we could detect virus in a plant before it showed symptoms (Table 1) . 84
Utilizing traditional PCR methods three samples collected from Asha's field in Tanzania tested positive 85
for EACMVs and none were positive for ACMV. The asymptomatic sample from MARI tested negative 86 for both ACMV and EACMVs. Eight fresh cassava leaf samples from Uganda were dually infected with 87 ACMV and EACMV-UG using conventional PCR primers for ACMV and EACMV-UG. The primers used in 88 this PCR yield products of 1000bp and 1500bp for ACMV and EACMV-UG respectively. Twelve Kenyan 89 samples were tested and all but two (barcode 2 and 3) were positive using conventional PCR (Table 1) . 90
Further studies are needed to verify our results regarding the sensitivity of the protocol for early 91 detection of CMD in cassava, but these results are very promising for ensuring farmers receive clean 92 planting material with early detection of viral infection. 93
Nanopore sequencing technology has wide applications globally, but in East Africa these 94 include: (a) crop improvement by screening for virus resistant germplasm and genetic diversity during 95 breeding, (b) indexing of cassava planting materials for virus presence or absence to ensure that only 96 clean materials in multiplication fields are distributed to farmers, (c) detection and identification of 97 alternative plant species for cassava-infecting begomoviruses, so that farmers are advised to remove 98 and/or grow crops away from such plants as a management strategy, (d) virus and biodiversity studies.
Methods 101
Sample collection and DNA extraction: In Tanzania, three cassava mosaic disease (CMD) symptomatic 102 cassava leaf samples (Fig. 1, Table 1) were collected from the smallholder cassava farmer Asha 103
Muhammed's field in Bagamoyo. One more asymptomatic leaf sample was collected at Mikocheni (Table 1 ). High quality DNA were isolated using CTAB method 9 . Each DNA sample 108 ( 
